ABSTRACT
the field. In most cases, analyses of TFs occupancy and/or chromatin marks enrichment are complemented with a 1 transcriptome analysis using RNA-seq in order to associate variations of gene expression with changes in the chromatin 2 environment. Therefore, we propose a protocol that addresses these issues.
3
To sum up, the following points set this protocol apart from others previously published:
4
• Our ChIP-seq/RNA-seq protocol can be carried out on complex plant tissues that contain interfering compounds 5 (phenolic complexes, scales, protective layers), by adding chelators of these compounds in the extraction buffers. This 6 protocol can also be easily adapted for other systems and has been successfully tested in Arabidopsis thaliana and
7
Saccharomyces cerevisiae, where it has been used to study the binding of histone variant H2A.Z (Suppl. 
9
• The cross-linking step is performed on frozen, pulverised material, thus allowing sample collection in the field,
10
where cross-linking equipment is not available. It also allows studying fast responses by flash freezing material 11 immediately after a stimulus (e.g. transient temperature stress) rather than cross-linking directly on fresh tissue or cells. In 12 previous protocols, the cross-linking step was performed using a vacuum and lasted at least 10 minutes and up to 1 hour
13
(12, 18-20). Owing to this optimised step, it is possible to perform ChIP-seq/RNA-seq for kinetic experiment with short 14 intervals (every minute or less) with no changes in term of metabolites or expression since the material is directly flash 15 frozen in liquid nitrogen. Moreover, cross-linking on powder allows for a more homogenous cross-linking, as it is almost 16 impossible to have a homogenous penetration of the formaldehyde in rigid and thick tissues like tree buds that are protected 17 by an impermeable and rigid wall rich in lignin (22).
18
• By using frozen, pulverized material, ChIP-seq and RNA-seq can be performed on the same starting material for 19 a direct and robust comparison of epigenetic regulation and gene expression.
20
• Our protocol can be used to perform ChIP-seq and RNA-seq on a small amount of biological material. In some 21 cases, the amount of starting material is a limiting factor, such as for axillar buds and meristems. We optimised this protocol 22 to start from 200 to 500 mg of buds, which is considerably lower than the usual amount of 0.8 to 5 g of starting material 23 for ChIP protocols in plant tissues (12, 18, 19, 20, 23) .
25
We have used this protocol to analyse histone modification profiles in several tree species. In a first instance, we 26 performed H3K27me3 ChIP-seq in buds of Prunus persica (peach) and successfully compared our results with previously 27 published data. To demonstrate the versatility of this protocol, ChIP-seq for H3K4me3 and H3K27me3 was also performed 28 on buds of two other tree species: sweet cherry (Prunus avium L.) and apple (Malus x domestica Borkh.). Furthermore,
29
carrying out RNA-seq on sweet cherry buds as proposed in this protocol, we demonstrated the correlation between the 30 4 above histone marks and gene expression in sweet cherry (Prunus avium L.) for two control genes AGAMOUS (AG) and 1 ELONGATION FACTOR 1 (EF1) known to be under control of H3K27me3 and H3K4me3, respectively. We have thus 2 developed a combined ChIP-seq and RNA-seq protocol working on tree buds for many species, which will allow a better 3 understanding of transcriptional regulatory events and epigenomic mechanisms in tree buds. 
RESULTS

7
The cross-linking on frozen powder is more efficient than whole fresh buds
8
The procedure for conventional in vivo ChIP consists of cross-linking DNA and proteins on fresh material at the time of 9 collection using the common fixing agent formaldehyde under vacuum (12, 13, 29). Here we perform cross-linking on 10 frozen pulverised material without vacuum, using an extraction buffer containing formaldehyde.
11
We used AGAMOUS (AG) locus in Arabidopsis (30) and the ELONGATION FACTOR 1 (EF1) locus in petunia (31) as
12
ChIP-qPCR controls, which are known to be under control of H3K27me3 and H3K4me3, respectively. AG and EF1 were 13 also used as control genes for H3K27me3 and H3K4me3 in previous studies, for example in Japanese pear (32). In order 14 to demonstrate the feasibility of the cross-linking on frozen powder, ChIP-qPCR for H3K4me3 were carried out on whole 15 cherry floral buds (without scales) and on frozen and pulverised cherry floral buds (Figure 2 ). The similar EF1/AG ratio 16 between these two different conditions demonstrates that the cross-linking on powder works properly with no difference 17 with a conventional cross-linking on fresh material using a vacuum (Figure 2 ). We also analysed H3K4me3 at the DAM2 18 gene. We observe an increased ration of DAM2/AG when the cross-linking is performed on frozen and pulverised buds 19 contrary to a conventional cross-linking performed on fresh and whole buds without scales (Figure 2 ).
21
Time saving: the ChIP-seq and RNA-seq protocol is also working in presence of scales
22
To facilitate the penetration of the formaldehyde solution trough the buds, scales are generally removed from buds prior to 23 material cross-linking. However this step is time-consuming and can damage the buds resulting a potential change of 24 epigenetic and transcriptomic responses. The cross-linking on frozen powder (with the presence of scales) allows 25 overcoming this obstacle. To demonstrate the added value of our optimised cross-linking step, ChIP-qPCR for H3K4me3
26
were carried out on frozen and pulverised cherry flower buds with and without scales (Figure 3 A) . No difference is 27 observed at the EF1/AG and DAM5/AG ratio in presence or absence of scales (Figure 3 A) . We also performed RT-qPCR 28 on the same biological material and observe that DAM5 expression is the same in presence or absence of scales (Figure 3 
B)
. These results indicate that the presence of scales is not a problem to successfully perform ChIP and RNA extraction 1 following our protocol.
3
Validation of the protocol robustness in peach 4
H3K27me3 profiling by ChIP-seq as been already described in non-dormant bud of Prunus Persica (33), as this is an 5 important developmental stage of fruit trees. Dormancy is a period of repressed growth that allows trees to persist under 6 low winter temperature and short photoperiod (34). A proper regulation of the timing of the onset and release of bud 7 dormancy is crucial to insure optimal flowering and fruit production in trees. Consequently, unravelling the associated 
19
Successful application of this protocol on different species 20
To demonstrate the versatility of this protocol, ChIP-seq for two histone marks (H3K27me3 and H3K4me3) was performed As proposed in this protocol, by carrying out RNA-seq on the same starting material as ChIP-seq on sweet cherry floral, 1 we can directly compare gene expression with the presence of histone marks. We observe a link between gene expression 2 levels and the presence of active or repress histone mark in sweet cherry: H3K4me3 is observed at EF1 locus, which is 3 also highly expressed, while H3K27me3 is observed at AG locus, which is also repressed in our data (Figure 5 C) .
In this study, we describe a ChIP/RNA-seq protocol for low abundance and complex plant tissues such as tree buds. This 7 method allows a robust comparison of epigenetic regulation and gene expression as we use the same starting material.
8
More notably, this protocol permits to perform ChIP/RNA-seq for kinetic experiment with short intervals (every minute or 9 less) and suitable for collecting samples in the field that were previously difficult or impossible. 
24
In the last two decades ChIP has become the principal tool for investigating chromatin-related events at the molecular level 25 such as transcriptional regulation. Improvements to the ChIP-seq approach are still needed and will include an expansion 26 of available ChIP-grade antibodies and a reduction of the hands-on time required for the entire procedure. A remaining 27 challenge is to further decrease the amount of starting material without compromising the signal-to-noise ratio.
28
29
MATERIALS AND METHODS
30
MATERIAL SAMPLING SECTION 1
Harvest tree buds in 2 ml tubes with screw cap and immediately flash-freeze in liquid nitrogen. There is no need to remove 2 the scales after harvesting. The biological material can be conserved at -80°C up to twelve months before proceeding with 
27
Gently resuspend the pellet in 1ml of Extraction buffer 2 [0.24 M sucrose, 10 mM HEPES pH 7.5, 10 mM MgCl2, 1 %
28
Triton X-100, 5 mM β-mercaptoethanol, 0.1 mM PMSF, 1 tablet protease inhibitor EDTA free for 50 ml of solution],
29
without creating bubbles, and transfer the solution to a clean 1.5 ml tube. Centrifuge at 13,500 × g for 10 minutes at 4°C. 
Add 2 μl of 10 mg/ml RNase A (Fisher cat# EN0531) and incubate at 37°C for 30 minutes. Add 2 μl of 20 mg/ml proteinase 9 K (Fisher cat# EO0491) and incubate at 45°C for 1 hour. During this step, take out the SPRI beads (e.g AMPure beads;
1 Beckman Coulter, cat# A63880) from the fridge and allow them to equilibrate at room temperature (at least 30 minutes 2 before use).
3
To extract DNA using SPRI beads, vortex the beads until they are well dispersed, add 126 μl of beads to 60 μl of sample 4 (2.1 × ratio) and mix well by pipetting up and down at least 10 times. Incubate 4 minutes at room temperature and then 
10
The beads must be completely free from ethanol as it can interfere with downstream processes. Remove the tubes from the 11 magnetic rack and resuspend the beads in 15 μl of 10 mM Tris-HCl (pH 8) by pipetting up and down at least 10 times.
12
Incubate for 5 minutes at room temperature and place on the magnetic rack for 4 minutes to capture the beads. Carefully should be stored at -80°C and can be kept at -80 °C for 3 months without significant loss of chromatin quality.
17
iii. MNase digestion analysis
18
Complete the digested sample (50 µl) and non-digested (20 µl) aliquots to 55.5 µl with TE buffer, add 4.5 µl of 5M NaCl
19
and incubate in a PCR machine or thermocycler at 65°C for 8 hours to reverse cross-link. Add 2 µl of 10 mg/ml RNase A 20 and incubate at 37°C for 30 minutes. Add 2 µl of 20 mg/ml proteinase K and incubate at 45°C for 1 hour. During this step, 21 take out the SPRI beads from the fridge and allow them to equilibrate at room temperature (at least 30 minutes before use).
22
Proceed to the DNA extraction, using SPRI beads as explained before in the sonication analysis section (ii). Add 2.8 µl of 1-The "Purify Ligation Products" section using the gel electrophoresis is eliminated to minimise DNA loss.
20
2-DNA size selection is carried out after the "Enrich DNA fragments" section. This is a required step to increase the 21 visualisation of nucleosome positioning. Smaller and larger reads might disturb the MNase input profile after analysis.
22
The Illumina TruSeq ChIP Sample Preparation protocol is available at the following URL: ii. Size selection
28
Size selection is performed using SPRI beads to remove fragments larger than 500 bp and fragments smaller than 100 bp, 
Data analysis 14
(i) RNA-seq
15
The raw reads obtained from the sequencing were analysed using several publicly available software and in-house scripts.
16
Firstly, we determined the quality of reads using FastQC (www.bioinformatics.babraham.ac.uk/projects/fastqc/).
17
Then, possible adaptor contaminations and low quality trailing sequences were removed using Trimmomatic (24), before (ii) -ChIP-seq
25
Sequenced ChIP-seq data were analysed in house, following the same quality control and pre-processing as in RNA-seq.
26
The adaptor-trimmed reads were mapped to the Prunus persica or Malus domestica reference genome using Bowtie2 (28).
27
Possible optical duplicates were removed using Picard, as described earlier. Data are represented using the Integrative
28
Genome Viewer (27). 
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